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RUGHU HJZLWKLQG%$ WKH WUHDWPHQWRIRQO\RQHVRXUFHVZLOOQRWDIIHFW WKHRYHUDOO UDGLDWHGQRLVH
&RQWUDULZLVH D SUHYLRXVO\PDVNHGQRLVH VRXUFH FRXOGEHFRPHGRPLQDQW EHLQJPRUH DQQR\LQJ WKDQ WKH
WUHDWHGQRLVHVRXUFH,QRUGHUWRDFKLHYHDQRYHUDOOQRLVHUHGXFWLRQIRUYHKLFOHVDOOQRLVHVRXUFHVDQGWKHLU
WUDQVIHUSDWKVWRUDGLDWLQJFRPSRQHQWVKDYHWREHWUHDWHGVLPXOWDQHRXVO\DQGLQDKROLVWLFDSSURDFK7KH
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7KHVFRSHRIWKLVSURMHFWLVWKHUHIRUHWRGHYHORSIOH[LEOHLQWHJUDWHGSDVVLYHDQGDFWLYHVROXWLRQVZKLFK
ZLOOQRWRQO\SHUPLWQRLVHDQGYLEUDWLRQWREHDWWHQXDWHGLQQHZYHKLFOHVHTXLSSHGZLWKWKHQH[WJHQHUD
WLRQRI KLJKO\ IXHOHIILFLHQWSRZHU WUDLQVEXWHQDEOHYHKLFOHGHVLJQJXLGHOLQHV WREHGHILQHG LQRUGHU WR
UHGXFHZHLJKWZLWKRXWFRPSURPLVLQJRQFRPIRUWDQGVDIHW\2QWKHEDVLVRIWKLVDSSOLFDWLRQWKHSURMHFW



















PDMRU HIIHFW RQ HVWDEOLVKLQJ D VHULHVFRPSDWLEOH PDQXIDFWXULQJ WHFKQRORJ\ WKXV RSWLPL]LQJ UHOLDELOLW\
DYDLODELOLW\DQGFRVWRIVXFKFRPSRQHQWV2QHRIWKHUHIHUHQFHSURMHFWVLQWKLVILHOGLVWKH(XURSHDQ,QWH








LVRODWLRQ RI WKH HQJLQH IURP WKH YHKLFOH ERG\ZDV LQYHVWLJDWHG LQ ,Q0$5$ K\EULG HQJLQHPRXQW KDV
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7KHFXUUHQWYHKLFOHVKDYHDOUHDG\D VWUXFWXUHRSWLPLVHG WRKDYH ORZZHLJKWZLWKRXW UHGXFLQJ WKH UH
TXLUHGSHUIRUPDQFHV+RZHYHUWKHUHDUHVRPHFRPSRQHQWVRIWKHVWUXFWXUHWKDWFDQEHIXUWKHUUHGXFHGLQ
ZHLJKW VWLOOPDWFKLQJ WKH UHVLVWDQFH FUDVK DQG IDWLJXH SHUIRUPDQFHV EXW JLYLQJ D SRRUSHUIRUPDQFH LQ
WHUPVRIQRLVHDQGYLEUDWLRQVDQGLQFUHDVLQJERWKWKHVWUXFWXUHERUQHDQGDLUERUQHVRXQGWUDQVPLVVLRQ
,Q VRPH RI WKHVH FRPSRQHQWV WKH SUREOHP LV UHODWHG WR ORZIUHTXHQF\ UHVRQDQFHV FDXVHG E\ WKHLU
ZHLJKW UHGXFWLRQ:LWKLQ*UHHQ&LW\&DU VKXQWHG SLH]RHOHFWULF SDWFKHV DQG HOHFWURPDJQHWLF DFWXDWLRQ
WXQHG DW WKH IUHTXHQF\ RI LQWHUHVW DUH FRQVLGHUHG WR FRQWURO WKHVH ORZIUHTXHQF\ UHVRQDQFHV /RZ
IUHTXHQF\UHVRQDQFHVDUHDOVRLPSRUWDQWIRUWKHDFRXVWLFFDYLW\LQVLGHWKHSDVVHQJHUFRPSDUWPHQW$FODV


























H[FLWDWLRQV FRPLQJ IURP WKH HQJLQH LQ D IUHTXHQF\ UDQJH DV ORZ DV +] XS WR  N+] )RU ERWK DS
SURDFKHVWKHVRXUFHWUDQVIHUSDWKVQHHGVWREHXQGHUVWRRGLQGHWDLO
)LQDOO\ W\UHVDUHDQRWKHU LPSRUWDQWDFRXVWLF VRXUFHIRUH[WHULRUDQG LQWHULRUQRLVHEHLQJDW WKHVDPH
WLPHD IXQGDPHQWDOFRPSRQHQW WRZRUNRQ IRU WKH UHGXFWLRQRI UROOLQJ UHVLVWDQFH$GHVLJQDSSURDFK LV
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PHQW D IRUFH JHQHUDWRU EDVHG RQ VWLII SLH]RHOHFWULF DFWXDWRUV ZLWK D ORZ UHVRQDQFH IUHTXHQF\ RI DERXW
+]ZKLFK LPSRVHVFKDOOHQJHV WR WKHGHVLJQRI WKHHOHFWURPHFKDQLFDOV\VWHPV6HYHUDOGHVLJQVZKLFK
DPSOLI\ WKH VWURNHRI WKHSLH]R DQG WUDQVIRUP WKH VWLIIQHVVE\ OHYHU V\VWHPV KDYHEHHQ LQYHVWLJDWHGE\
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SLH]RWUDQVGXFHUVZDVLQYHVWLJDWHGKRZHYHUWKHZRUNLVVWLOOLQEDVLFUHVHDUFKVWDJH5HJDUGLQJDGDSWLYH




































7KH IXQFWLRQLQJRIDQ$FWLYH+HOPKROW]5HVRQDWRU $+5 IRUQRLVHFRQWURODW DQ LQWDNH V\VWHPKDV




DERXW  G% HYHQ IRU D  HUURU LQ DPSOLWXGH+RZHYHU WKH SKDVH DFFXUDF\ LVPRUH FULWLFDO 7KLV
PLJKWDOORZXVLQJD&$0VLJQDOLHLQIRUPDWLRQUHODWHGWRWKHUSPIURPWKHHQJLQHDVLQSXWWRWKHFRQ
WUROOHU7KH$+5ZDVLPSOHPHQWHGLQDQH[SHULPHQWDOVHWXSZKHUHDSULPDU\ORXGVSHDNHUVLPXODWHVWKH
HQJLQH%DVHGRQPHDVXUHG WUDQVIHU IXQFWLRQVDQ LGHDO IHHGIRUZDUGFRQWUROOHU IRU WKH VHFRQGDU\ VRXUFH
LQVLGH WKH$+5ZDVGHVLJQHG WR WKH UDQJHEHWZHHQ DQG+]ZKLFKZDV LGHQWLILHG DV WKHPRVW
UHOHYDQWIUHTXHQF\UDQJHLQRUGHUWRLPSURYHWKHDFRXVWLFSHUIRUPDQFHRIWKHLQWDNHV\VWHP5HFRGHGVLJ
QDOVRIWKHVRXQGSUHVVXUHDWWKHRSHQLQJRIWKHLQWDNHV\VWHPGXULQJDUXQXSDUHDSSOLHGWRWKHSULPDU\
VRXUFH IRU D WHVWLQJ 7KHPHDVXUHG VLJQDOV ZHUH KLJKSDVV ILOWHUHG LQ RUGHU WR DOORZ D KLJKHU G\QDPLF
UDQJHIRUWKHSULPDU\VRXUFHFXWRQIUHTXHQF\+],QDGGLWLRQDQLQYHUVHILOWHURIWKHSURSDJDWLRQ
SDWKEHWZHHQSULPDU\VRXUFHDQGRXWOHWRIWKHLQWDNHV\VWHPZDVGHVLJQHGWRDVVXUHWKDWWKHDUWLILFLDOVLJ



















WLFPRGH WREHFRQWUROOHG)RU WKHVRXUFHVHQVRUV\VWHPVKRZQLQ)LJXUH LQRUGHU WRFRQWURO WKH ILUVW






















VLEOH FRPSURPLVH EHWZHHQ IRUPDELOLW\ ZHLJKW VWLIIQHVV DQG WKLFNQHVV DFFRUGLQJ WR WKH IROORZLQJ UH
TXLUHPHQWV7KHWRWDOZHLJKWSHUXQLWDUHDPXVWQRWH[FHHGDJLYHQPD[LPXPYDOXHZKLFKDFFRUGLQJWR
H[WHQVLYHEHQFKPDUNLQJDQDO\VLVFDQEHUHDVRQDEO\FRQVLGHUHGDWNJVTP
$V FRQVWUDLQLQJ OD\HU WRS OD\HU D WKLQ DOXPLQLXP IRLO KDV EHHQ FKRVHQ GXH WR LWV KLJKO\ HIIHFWLYH
FRPELQDWLRQZHLJKWYHUVXVVWLIIQHVV7KHZHLJKWSHUXQLWDUHDRIWKHPLGGOHOD\HUPXVWEHDVORZDVSRV






$ GLUHFW FRQVHTXHQFH RI DOO WKH SUHYLRXV UHTXLUHPHQWV LV WKDW WKHPLGGOH OD\HU DQG WKH FRQVWUDLQLQJ
OD\HU DOXPLQLXPIRLOVKRXOGQRWEH WRR WKLFN)RU IRUPDELOLW\ UHDVRQV WKH WKLFNQHVVRI WKHDOXPLQLXP
IRLOVKRXOGQRWH[FHHGPPDQGWKHWRWDOWKLFNQHVVRIWKHPXOWLOD\HUVKRXOGEHQRWPRUHWKDQPP
RYHUDOOPDNLQJ LW FRPSDUDEOH WR WKH W\SLFDOPLQLPXP WKLFNQHVVRI VLQJOH OD\HU GDPSLQJ WUHDWPHQWV RI
FLW\FDUV
$IWHUH[WHQVLYHUHVHDUFKDQHZVSHFLDOELWXPHQEDVHGIRUPXODWLRQIRUWKHPLGGOHOD\HULQDFFRUGDQFH
ZLWK WKH DERYH VSHFLILFDWLRQV KDV EHHQ GHYHORSHG7KH ILUVW SURWRW\SH OD\HUV DUH DW WKHPRPHQW XQGHU
PDQXIDFWXULQJDQGFRPSDUDWLYHDQDO\VLVLVIRUHVHHQLQRUGHUWRFKHFNWKHSHUIRUPDQFHRIWKHQHZO\GH
YHORSHGFRQVWUDLQHGOD\HUYHUVXVFXUUHQWVWDWHRIWKHDUWVROXWLRQV
929 Thilo Bein et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  919 – 931 
)XUWKHUPRUHQHZVROXWLRQV IRU WKH VRXQGSDFNDJHSDUWV LQ WKHHQJLQHED\KDYHEHHQ LQYHVWLJDWHGE\

















RI WKHDPSOLWXGHDW WKH OHIWFDYLW\ IUHTXHQF\RIG%RQURXJKVXUIDFHZDVPHDVXUHG7KH OHIWFDYLW\
PRGHFRPSOHWHO\GLVDSSHDUV7KHULJKWFDYLW\PRGHLVRYHUODLGE\DIUHTXHQF\IURPWKHHQJLQHVRWKDWWKH
HIIHFWLVQRWVRFOHDU%XWHYHQLQWKLVFDVHWKHDPSOLWXGHLVORZHUHGE\G%7KHVROXWLRQLVYHU\HIILFLHQW











,QWKHILUVW WZR\HDUVRI*UHHQ&LW\&DU WKHIRFXVZDVRQ WKHDGDSWDWLRQDQGHODERUDWLRQRIHQDEOLQJ
WHFKQRORJLHVWRWKHUHTXLUHPHQWVRIFLW\FDUV,QWKUHHZRUNSDFNDJHVVSHFLILFFRQFHSWVIRUVXLWDEOHDFWXD
WRUVQHZPDWHULDOV\VWHPVDQGLQQRYDWLYHW\UHVZHUHGHYHORSHGDQGYDOLGDWHGRQODERUDWRU\VFDOH:LWK
UHVSHFW WRDFWXDWLQJSULQFLSOHVVKXQWHGSLH]RFHUDPLFVFRQFHSWV IRU LQHUWLDOPDVVDFWXDWRUVDQGHOHFWUR
PHFKDQLFDO DFWXDWRUV DGDSWLYH+HOPKROW] UHVRQDWRUV DQG WKH DVVRFLDWHG FRQWURO VWUDWHJLHVZHUH FRQVLG
HUHG7KHVHVHOHFWHGSULQFLSOHVZHUHEXLOGXSDVIXQFWLRQDOSURWRW\SHVDQGYDOLGDWHGDQGVLPSOLILHGVWUXF
WXUHV,WFRXOGEHSURYHQWKDWDOOFRQFHSWVDUHIHDVLEOHIRUWKHLPSOHPHQWDWLRQLQFLW\FDUVZKLFKLVIRUHVHHQ
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